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A DIRECT MICROSCOPIC STUDY OF THE EF­
FECT OF TEMPERATURE ON BACTERIAL 
COUNT OF MILK' 
By CHARLES F. HILL 
INTRODUCTION 
A bacterial count of milk is desirable to detennine, in so far as it 
is possible, its- quality. It has been thought by some workers that 
the direct microscopic method of counting the bacterial flora would 
give a complete history of the milk even after pasteurization. Others 
believe that heating so changes the bacterial cells that they cannot be 
detected in subsequent direct microscopic examinations of stained 
preparations. 
Hastings and Davenport (3) report that many bacteria are 
changed when they undergo heating. They state that at pasteurization 
temperature the staining properties of bacterial cells vary consider­
ably; some of the cells stain faintly, but evenly; some show decidedly 
uneven staining. Knaysi (4) and Ward (5) maintain that pasteuri­
zation not only kills bacteria commonly present in milk but renders 
them invisible when' the film is stained with methylene blue. Kuf­
ferath, as reported by Hastings and Davenport (3), states that dead 
bacteria do not stain, but their presence is made evident by the fact 
that they appear in the film as clear areas in the background of 
stained casein, and that the number of bacteria present before heating 
can be obtained by noting the clear areas. 
Lazarus (5) states tbat deeply stained cells in pasteurized milk 
indicate that they are thermoduric organisms. 
Werner (7) reports that pasteurization has no effect on the 
staining properties of bacterial' cells and that a direct microscopic 
count of pasteurized milk would show the same picture as would be 
shown in raw mille. 
The purpose of this study is to determine by the direct micro­
scopic method the ef feet of heat on the bacterial count of milk and 
to observe the fate of dead bacterial cells. 
Since the above mentioned conflicts exist, this research is an 
1 A portion of a thesis submitted in partial fulfillment of the requirements 
for the Master of Science degree in the Division of Gradua,te Instruction. 
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attempt to determine by the direct microscopic method the effect of 
heat on the bacterial count of milk and to study the fate of dead 
bacterial cells. 
METHODS 
For the purpose of determining the effect of heat on the bacterial 
count of milk, determined by the direct microscopic method, ten 
specimens of market milks were used. These were designated as 
Specimen A, B, C, D, E, F, G, H, I, and J. It was found byexperi­
mentation that best results were obtained from specimens with high 
counts; therefore, the milk specimens were allowed to stand at room 
temperature for a period of from three to four hours before heating. 
A quantity of the specimen was then put in each of seven sterile 
test tubes, stoppered, and numbered from one to seven. Sample 
No. I was used as a control and ~nderwent no heating. Each of 
the other samples was heated in a separate waterbath with the temper­
ature helel constant for thirty minutes. The temperature range was 
as follows: 
Sample No.2 50°C for thirty minutes 
Sample No.3 ' 60°C for thirty minutes 
Sample No.4 70°C for thirty minutes 
Sample No.5 80°C for thirty minutes 
Sample No.6 90°C for thirty minutes 
Sample No.7 100°C for thirty minutes 
The waterbath consisted oE a 1000 cc. beaker of water held over 
a Bunsen burner by a ringstand. A centigrad thermometer, calibrated 
in degrees, was placed in the water. To maintain the desired tempera· 
ture the burner was placed under the beaker of water or removed as 
the situation required. In this manner the temperature never varied 
over one-half a degree from the desired temperature. 
Immediately after a sample had undergone the above treatment a 
microscope preparation was made. At the same time, a microscope 
preparation was made of the control (Sample No. I). These were 
labeled "series x." The test tube samples were then stored in a 
refrigerator at 5° Centigrade for twenty-four hours. At the end of 
this period another microscope preparation was made of the seven 
samples. These were labeled "series y." 
The microscope preparations were made, as directed in Standard 
Methods (1), by using a sterile nichrome ioop which was calibrated 
I • 
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1. ** 7 2-10 44 88 12-72 
2. 50 0 e 15 2-7 1-8 12 13 1-2 
3. 60 0 e 23 6-27 1-6 7 19 5-14 
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Number of each type of organism per thirty mlcroscopic fields as determined 
by direct microscopic COLllIt. 
RESULTS 
The results obtained by counting thirty fields of each specimen 
in each series are presented in table 1. 
TABLE I 
to deliver 0.0 I cubic centimeters of mille This quantity was trans­
ferred to a clean slide, and spread evenly over an area of one square 
centimeter with a sterile nichrome needle. The preparations were 
then dried, placed in xylol for five minutes to remove the fat, dried 
again, and dipped in ninety-five per cent alcohol for five minutes to 
fix the material to the slide. After drying' again, the slide was dipped 
in a saturated aqueous solution of methylene blue for two to five 
seconds. The slide was then rinsed in water and if overstained it 
was decolorized with ninety-five per cent alcohol (2). 
A binocular microscope with 12.5X oculars and 1.8 immersion 
oil objective was used for counting the bacteria. This was adjusted 
to give a field with a diameter of 0.146 mm, representing 1/600,000 
cubic centimeters of milk per field. Thirty fields of each sample in 
each series were observed and the number and types of bacteria 
were recorded. 
In recording the types of organisms, diplococci were counted as 
one unit; the number of streptococccic chains were counted and 
recorded as well as numbers of cells making up the chains. Chains 
of six or more cells were considered to be long streptococci while 
those of five cens or less were considered to be short streptococci. 
Staphylococci and rods in clumps were counted and recorded both 
as individuals and, as groups of organisms. In the tables accompany­
ing this paper the streptococci, staphylococci, and rods in clumps 
have two figures listed for them. The first figure shown indicates 
the number of clumps; the other figure indicates the number of 
individual cells. 
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TABLE I-(Continued) 
SampleNo. 
4. 
S. 
6. 
7. 
l. 
2. 
3. 
4. 
S. 
6. 
7. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
1. 
2. 
3. 
4. 
6. 
7. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
1. 
2. 
3. 
Temp. 
70·C 
80·C 
90·C 
100·C 
** 
50·C 
60·C 
70·C 
80·C 
90·C 
100·C 
** 
SO·C 
60·C 
70·C 
80·C 
90·C 
IOO·C 
** 
SO·C 
60·C 
70·C 
80·C 
90·C 
IOO·C 
** 
50·C 
60·C 
70·C 
80·C 
90·C 
l00·C 
** 
50·C 
60·C 
f. 
Dip. 
26 
7 
5 
28 
27 
12 
8 
6 
1 
4 
38 
5 
2 
3 
9 
7 
2 
50 
7 
54 
4 
1 
3 
3 
3 
3 
1 
6 
Short Long 
Strep. Slrep. Staph. 
2-8 1-6 
1-3 1-10 
Specimen A "y series" " 
2·6 2-14 3-12 
2-8 1-6 2-18 
1-5 
1-10 
1-6 
Specimen B "x series" 'I< 
1-8 
Specimen B "y series" * 
1-4 1-12 1-12 
1-6 
1-4 
Specimen C " series" *x 
1-4 
Specimen. C "y series" * 
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Isolated I;olated 
Cocci Rods 
8 22 
7 12 
5 9 
5 15 
30 125 
16 60 
13 28 
3 15 
5 10 
4 2 
4 5 
24 44 
8 27 
6 21 
3 16 
1 7 
1 7 
1 5 
43 55 
13 36 
3 17 
2 9 
4 
6 
3 
5 35 
6 42 
3 18 
29 
5 3 
8 
2 
2 144 
4 36 
6 21 
Rods ill 
Clumps 
2-6 
1-13 
3-13 
4-13 
2-7 
1-3 
1-3 
23-163 
4-17 
1-9 
3-7 
Sample 
No. 
4. 
S. 
6. 
7. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
l. 
2. 
3. 
4. 
5. 
6. 
1. 
2. 
3. 
4. 
5. 
6. 
2. 
3. 
4. 
5. 
6. 
7. 
1. 
2. 
3. 
4. 
5. 
7. 
7. 
1. 
11«1) TABLE 1-(eontinued) 
Staph. 
Isolated Isolated 
Cocci Rod. 
Rods in 
Clump. 
Sample 
No. Temp. Dip. 
Short 
Strep. 
Long 
Strep. Staph. 
Isolated Isolated 
Cocci Rods 
Rod. in 
Clumps 
1-6 8 
7 
5 
5 
22 
12 
9 
15 
4. 
5. 
6. 
7. 
70 0 e 
80 0 e 
90 0 e 
1000 e 
2 
2 
2 
1 
13 
6 
3 
ries" * Specimen D "x series" >.< 
3-12 
2-18 
1-5 
30 
16 
13 
3 
5 
4 
4 
125 
60 
28 
15 
10 
2 
5 
2-6 
1-13 
3-13 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
** 
50 0 e 
60 0 e 
70 0 e 
80 0 e 
90 0 e 
loooe 
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82 
38 
21 
25 
28 
23 
1-5 
5-20 
5-19 
2-33 
1-16 
1-10 
5-81 
9-83 
10-62 
14-85 
16-88 
18-75 
10-58 
9 
17 
10 
17 
19 
13 
8 
201 
103 
177 
56 
25 
9 
7 
43-776 
25-568 
4-26 
5-48 
ries" * Specimen D "y series" ,. 
1-8 
24 
8 
6 
3 
1 
1 
1 
44 
27 
21 
16 
7 
7 
5 
4-13 
2-7 
1-3 
1-3 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
** 
50 0 e 
60 0 e 
70 0 e 
80 0 e 
90 0 e 
l00 0 e 
76 
23 
16 
14 
12 
10 
9 
2-10 
2-8 
2-8 
1-4 
1-9 
1-8 
18-138 
7-65 
5-20 
5-18 
2-9 
1-4 
13 
10 
4 
3 
3 
I 
51 
65 
41 
24 
3 
3 
1 
9-43 
1-12 
ries" * Specimen E "x series" ,. 
1-12 43 
13 
3 
2 
55 
36 
17 
9 
4 
6 
3 
23-163 
4-17 
1-9 
3-7 
1. 
2.· 
3. 
4. 
5. 
6. 
7. 
** 
50 0 e 
60 0 e 
70 0 e 
80 0 e 
90 0 e 
1000 e 
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80 
37 
20 
20 
19 
19 
2-7 
2-17 
2-9 
3-31 
2-17 
1-6 
1-8 
7-82 
6-78 
10-68 
1·90 
17-86 
13-67 
10-52 
11 
21 
12 
14 
18 
13 
9 
179 
111 
171 
61 
28 
11 
8 
40-790 
28-747 
5-28 
5-29 
series" * Specimen E "y series" * 
series" * 
5 
6 
3 
5 
2 
4 
6 
35 
42 
18 
29 
3 
8 
2 
144 
36 
21 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
1. 
2. 
3. 
4. 
5. 
** 
50 0 e 
60 0 e 
70 0 e 
800 e 
90 0 e 
l00 0 e 
** 
50 0 e 
60 0 e 
70 0 e 
80 0 e 
87 
39 
20 
16 
15 
12 
13 
129 
79 
41 
19 
21 
3-15 
3-12 
2-9 
2-6 
2-7 
1-17 
1-7 
1-8 
2-29 
1-12 
2·13 
17-141 
7-73 
2-18 
3-21 
2-7 
1-5 
5-78 
8-78 
11-67 
10-93 
12-86 
11 
12 
4 
2 
3 
13 
15 
14 
19 
17 
58 
54 
43 
29 
4 
1 
1 
180 
116 
181 
48 
10-41 
2-7 
41-785 
38-496 
6-33 
6-41 
5-24 
143 
TABLE I-(Continued) 
Sample 
No. Temp. Dip. 
Short 
Strep. 
Lon;\' 
Strep. Stapb. 
Isolated Isolated 
Cocci Rods 
Rods in 
Clumps 
---­
Sample
No. Temp_ 
Specimen F "x series" '" 
6. 90°C 25 3-12 1-9 14-76 10 12 
7. 100·C 21 2-8 2-16 10-59 5 7 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
*'" 
50·C 
60·C 
70·C 
80·C 
90·C 
100·C 
74 
25 
15 
15 
10 
8 
7 
Specimen 
2-14 
1-3 
F "y 
1-15 • 
5-40 
2-13 
series" * 
14-129 
9-57 
7-31 
3-14 
3-10 
1-4 
15 
17 
5 
73 
61 
38 
22 
4 
7-39 
2-9 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
"'* 50·C 
60°C 
70·C 
80·C 
90·C 
100·C 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
l!:¥ 
50·C 
6O·C 
70·C 
80·C 
90·C 
100·C 
126 
78 
43 
20 
22 
23 
19 
Specimen 
1-4 
3-11 
2-8 
3-12 
2-8 
G "x series" '" 
3-26 5-81 
1-9 8-82 
10-67 
11-84 
10-76 
1-7 9-63 
11-56 
7 
21 
11 
18 
21 
15 
7 
183 
105 
171 
51 
27 
12 
12 
44-787 
30-683 
4-24 
5-30 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
*'" 
50·C 
6O·C 
70·C 
80·C 
90·C 
l00 0 e 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
** 
50·e 
60·C 
70°C 
80 D C 
90·C 
100·C 
74 
25 
11 
13 
9 
7 
5 
Specimen G "y 
·1-7 1-16 
3-21 
1-3 1-7 
series" * 
21-144 
8-74 
7-23 
5-21 
1-7 
1-4 
14 
9 
2 
3 
1 
1 
64 
67 
39 
21 
4 
4 
1 
7-41 
3-17 
1. 
2 
3. 
4. 
5. 
6. 
7. 
:(:$ 
50·C 
60·C 
70 0 e 
80·C 
90 0 e 
100°C 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
** 
50·C 
60·C 
70 D C 
80 0 e 
90·C 
100·C 
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74 
40 
20 
26 
26 
-19 
Specimen 
1-4 
2-7 
2-7 
3-12 
1-4 
H "x series" 'f 
2-22 6-94 
1-9 10-90 
8-60 
1-7 11-81 
1-13 12-79 
2-17 13-76, 
1-7 9-55 
11 
15 
9 
20 
17 
12 
6 
189 
114 
117 
5S 
24 
10 
6 
34-781 
50-531 
5-23 
7-38 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
** 
50·C 
60 D C 
70·C 
80·C 
90°C 
lOO°C 
1. 
2. 
3. 
4. 
*'" 50·C 
60·C 
70·C 
69 
36 
19 
15 
Specimen 
2-9 
2-9 
1-5 
1-4 
H "y series" '" 
1-7 22-146 
1-11 9-71 
3-19 
3-24 
11 
12 
3 
1 
53 
47 
41 
27 
5-34 
2-9 
1-4 
1,: H X series" 
minutes at tern 
heating for thirl 
four hams at 5' 
"'* Sample 1 
144 
5. 80·C 
6. 90·C 
7. 100·C 
Continued) TABLE 1-(Continued) 
I50lated Isolated Rods in Sample Short Long Isolated Isolated Rods inStaph. Cocci Rods Clumps No. Temp. Dip. Strep. Strep. Staph. Cocci Itods Clumps
-­ .. _-_... 
X series" *' 5. 80·C 12 1-5 2-7 5 
14-76 10 12 6. 90°C 9 2 
10-59 5 7 7. 100°C 4 3 
;'y series" "'" Speeimen I "x series" * 
14-129 15 73 7-39 l. ** 126 2-7 3-32 4-70 11 195 29-822 
9-57 17 61 2-9 2. 50'C 85 1-18 9-86 19 114 39-772 
7-31 5 38 3. 60°C 40 9-60 9 117 5-26 
3-14 22 4. 70°C 22 1-4 1-12 9-73 15 57 (5..41 
3-10 4 5. 80'C 28 1-4 1-11 16-95 22 21 
1-4 6. 90°C 23 2-9 1-7 14-72 10 10 
7. 100°C 21 1-3 2-14 11-61 6 8 
Specimen I "y series" *x: series '1 * 
1. ** 78 4-19 2-21 23-147 17 56 7-375-81 7 183 44-787 2. 50°C 29 2-10 7-74 11 54 2-148-82 21 105 30-683 3. 60·C 14 1-4 1-7 6-24 3 37 1-510-67 11 171 4-24 4. 70·C 15 1-4 6-21 2 2111-84 18 51 5-30 5. 80°C 11 1-7 1 410-76 21 27 6. 90'C 7 1-4 49-63 15 12 7. 100°C 5 111-56 7 12 
series" ¥ Specimen J "x series" * y 
l. ** 129 2-29 6-80 10 213 40-763 21-144 14 64 7-41 2. 50°C 85 1-14 16-98 18 116 35-741 
8-74 9 67 3-17 3. 60°C 37 10-56 8 107 4-24 
7-23 2 39 4. 70°C 23 1-6 10-74 15 59 6-34 
5-21 3 21 5. 80·C 20 1-3 , 2-13 11-82 16 28 
1-7 1 4 6. 90·C 23 2-9 2-14 15-73 14 11 
1-4 1 4 7. 100·C 17 1-4 1-6 12-62 9 5 
1 
Specimen J .. series'J *y 
x series" tl 
1. li:* 72 3-14 1-9 17-147 11. 61 9-47 
6-94 11 189 34-781 2. 50°C 19 2-7 1-6 9-73 9 59 1-8 
10-90 15 114 50-531 3. 60·C 14 1-4 1-6 4-24 3 43 1-4 
8-60 9 117 5-23 4. 70°C 15 2-14 1 19 
11-81 20 55 7-38 5. 80°C 11 1-7 4 
12-79 17 24 6. 90·C 7 1 
13-76 . 12 10 7. 100°C 6 1 
9-55 6 6 
. series" '" *·'x series"-slide specimens taken immediately after heating for thirty 
22-146 11 53 5-34 minutes at temperature indicated. "y series"-slide specimens taken after 
9-71 12 47 2-9 heating f~r thirty minutes at temperature indicated and being stored for twcnty­
3-19 3 41 1-4 four hours at 5°C. 
3-24 1 27 "'* Sample No.1 was L1sed as a control amI unden\'eJlt no heating. 
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Throughout the process of counting numerous shadow forms count. Specimer 
were noted. The term "shadow form," described by Knaysi (4) as Specimen A. 
is given to denote bacteria which did not take the methylene bJue milks with low b 
stain as deeply or as evenly as normal cells would. Hastings and Specimen D l 
Davenport (3), take this to be an indication of dead cells. Table II count on a specir 
lists the number of fields in each sample of each specimen which undergone heatin 
showed these shadow forms: This part of Tat 
a fairly rcgular ( 
TABLE II 
series" as well a: 
Number of fields per sample of each specimen showing shadow forms resulting in bettl 
"x series" this. In this spe 
in total bacterial Temp. A B C D E F G H J 
present was in " 
50·C 7 11 0 18 ]4 20 17 22 18 21 Specimens E 
60·C 12 14 15 21 20 23 21 24 21 23 These are all tl 
70·C 15 15 18 25 24 26 25 27 23 24 preparations of :80·e 18 22 26 27 27 30 29 30 26 25 initiated a deere 9O·C 24 23 30 30 30 30 30 30 30 30 
100·C 30 30 30 30 30 30 30 30 30 30 in milk. 
In order to G 
"y series" 
of bacteria in mi 
50·e 4 17 8 16 14 19 21 15 17 14 of visible organi 
.60·C 7 20 10 30 30 30 30 30 30 30 
cated and the t70·C 12 22 16 30 30 30 30 30 30 30 
BO·C 14 26 30 30 30 30 30 30 30 30 temperature. 
90·C 21 27 30 30 30 30 30 30 30 30 
100·C 30 29 30 30 30 30 30 30 30 30 
Composite I 
The effect of heat on each specimen is shown in Table I. Speci­
men A shows the results of a direct microscopic count on a specimen 
of milk, with a low bacterial count, which has undergone heating for 
Temp.thirty minutes at the temperatures indicated. At a temperature as 
low as 50°C there was a definite decrease in the total number of Unheated 
organisms present. The decrease was irregular for each type of 50·C 
organism in "x series," but after storage for twenty-four hours, in 60·C 
70·ecry series" the decrease was in more or less direct proportion to the 80·e 
temperature. From this it may be concluded that heating causes 9Q·C 
the cells to disintegrate and become invisible, but the rate of disinte­ l00·C 
gration is irregular, ·causing some dead cells to appear as living cells. 
Only after twenty-four hours storage at a temperature low enough This eviden 
to prevent active reproduction may the effect of heating be demon­ who states that 
strated miscroscopically on stained specimens having a low bacterial bacterial cells. 
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Total No. Pe("cent Total No. Percent 
of Bacteria of oC Bacteria of 
Temp. H)( serics" Decrea.se H y series" Decrease: 
Unheated 9,075 3,194 
50'e 6,872 24.3% 1,630 40 % 
60'e 2,164 76.2% 781 75.6% 
70'e 1,687 82.2% 513 84 % 
80'e 1,199 86.8% 221 93.1% 
90'e 1,006 88.9% 128 96 % 
100'e 789 91.3% 76 98 % 
Composite results obtained by totaling the microscopic counts 0 f all 
specimens at temperature indicated. 
TABLE III 
count. Specimens Band C (Table I) bear out the same results 
as Specimen A. Specimens A, Band C were all taken from market 
milks with low bacterial counts. 
Specimen D (Table I) shows the results of a direct microscopic 
count on a specimen of milk, with a high bacterial count, which has 
undergone heating for thirty minutes at the temperatures indicated. 
This part of Table I shows that as temperature increased there was 
a fairly regular decrease in numbers of each type of organism in "x 
series" as well as in tty series." It is probable that the high count, 
resulting in better representation of each type of organism, caused 
this. In this specimen, as in the previous ones, the greatest decrease 
in total bacterial count as well as in total count for type of organisms 
present was in "y series." 
Specim'ens E through J respectively, present the same picture. 
These are all the results of direct miscroscopic counts of stained 
preparations of milk with high bacterial counts. In all cases heating 
initiated a decrease in the total direct miscroscopic count of bacteria 
in milk. 
In order to determine the overall effect of heat on the total count 
of bacteria in milk, Table III has been made showing the total number 
of visible organisms present in all specimens at the temperatures indi­
cated and the percentages of decrease brought about by the given 
temperature. 
This evidence alone would refute the stand taken by \Verner (7), 
who states that pasteurization has no effect on staining properties of 
bacterial cells. It is evident that the number of visible organisms 
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'sible, but the rate of disinte­
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at a temperature low enough 
effect of heating be demon­
imens having a low bacterial 
pecimen showing shadow forms 
" 
E F G H J 
14 20 17 22 18 21 
20 23 21 24 21 23 
24 26 25 27 23 24 
30 29 30 26 25 
30 30 30 30 30 
30 30 30 30 30 
numerous shadow forms 
m," described by Knaysi (4) 
"d not take the methylene blue 
al cells would. Hastings and 
ication of dead cells. Table II 
mple of each specimen which 
decreases with increased temperature. At 60°C, a temperature 
slightly below the usual pasteurization temperature (62.8°C) the 
total number of organisms dropped from 9,075 to 2,164 immediately 
in "x series," a decrease of 76.2%. After storage for twenty-four 
hours at SoC, "y series," there was a drop from 3,194 to 781 visible 
organisms, a decrease of 75.6%. 
In Table III it may be noted that the percentage of decrease by 
temperature was greater in "y series" than in "x series." It may be 
assumed that heating plus storing for twenty-four hours at SoC 
caused the difference. It may further be noted that in "y series" the 
total percentage of organisms killed is 98% leaving only 2% alive 
or at least f tilly stained and visible. Hastings and Davenport (3) re­
o port a 3% minimum for milk pasteurized at 62.8°C for thir~y minutes. 
By totaling the counts of each type of organism in all specimens 
of the same series, Table IV shows the effect of heat on types of 
organisms commonly found in milk. 
TABLE IV 
Composite result& of total counts of each type of organism in all specimens. 
U x seriesH 
series." T~ 
the low ter 
autolysis to 
is logical. 
The tim 
four hours. 
heat to disi 
would be at 
In "x se 
of cells wa~ 
group was' 
Temp. 
Unheated 
50°C 
60·e 
70°C 
Sample Short Long Isolated Isolated Rods in 80°C
 
No. Temp. Dip. St.rep. Strep. St.aph. Cocci Rods Clumps
 90°C 
100°C 
l. 1034 6-22 17-202 42-671 145 1508 347-5589 
2. 50°C 584 5-18 9-103 67-603 152 861 248-4547 
3. 60°C 282 6-27 0 69-446 89 1099 39-201 Unheated4. 70°C 177 6-23 7-54 67-586 129 454 41-264 50°C5. 80°C 181 10-37 5-47 94-592 143 175 5·24 60·e6. 90°C 177 20-81 7-54 96-502 93 99 0 70°C7. 100°C 149 14-51 7-51 64-403 56 75 0 80·e 
90°C
"y series" 
100°C 
1. 609 20-98 11-120 136-1016 167 741 77-426 
2. 50°C 236 13-54 14-105 58-50S 113 539 19-99 It may3. 60·e 121 9-39 6-41 35-174 46 348 6-28 
clumps "x4. 70°C 114 6-21 0 27-133 19 200 9-26 
5. 80·e . 88 1-5 1-10 12-54 IS 48 0 Table IV 
6. 90°C 61 1-4 1-6 5-21 10 26 0 was an in< 
7. 100°C 54 0 0 0 5 17 0 SO°c. It 
invisible 11 
In general it can be noted that the decrease in number of each as isolateci 
type of bacteria was much more regular Il1 "Y series" than in " x 
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At 60°C, a temperature 
10n temperature (62.8°C) the 
rom 9,075 to 2,164 immediately 
After storage for twenty-four 
(Irop from 3,194 to 781 visible 
1 the percentage of decrease by 
j than in "x series." It may be 
for twenty-four bours at 5°C 
r be noted that in "y series" the 
is 98% leaving only 2% alive 
Iastings and Davenport (3) re­
zed at 62.8°C for thir~y minutes. 
of organism in all specimens 
the effect of heat on types of 
type of organism in all specimens. 
5" 
Isolated Isolated Rods in 
Staph. Cocci Rods Clumps 
42-671 145 1508 3~7-5589 
67-603 152 861 248-4547 
69-446 89 1099 39-201 
67-586 129 454 41-264 
94-592 143 175 5-24 
96-502 93 99 0 
64-403 56 75 0 
s" 
136-1016 167 741 77-426 
58-505 113 539 19-99 
35-174 46 348 6-28 
27-133 19 200 9-26 
12-54 15 48 0 
5-21 10 26 0 
0 5 17 0 
he decrease in number of each 
lar in "y series" than in "x 
series." This is probably dne to the effect of time combined with 
the low temperature during the period of storage. Considering 
autolysis to be the cause of the decrease in numbers, this explanation 
is logical. 
The time period between "x series" and "y series" was twenty­
four hours. This would allow suf ficient time for the cells killed by 
heat to disintegrate and, due to the low temperature, reproduction 
would be at a minimum. The result would be fewer visible cells. 
In "x series" the total 'number of type organisms involving groups 
of cells was irregular in decrease although the numbers of cells per 
group was reasonably even or regular in decrease. (See Table V.) 
TABLE V 
Average number of cells per group. 
H X series" 
Short Long Rods in 
Temp. Strop. Strep. Staph. C1uUlps 
Unheated 33 11.9 16.0 16.1 
50·e 3.6 11.4 9.0 18.3 
60·e 4.5 0 6.5 5.2 
70·e 3.8 7.7 8.7 6.4 
80·e 3.7 9.4 6.3 4.8 
90·e 4.0 7.7 5.2 0 
100·e 3.8 7.3 6.2 0 
"y series" 
Unheated 4.6 11.0 7.4 5.5 
50·e 4.2 7.5 87 5.2 
60·e 4.3 68 4.7 4.6 
70·e 3.5 0 4.9 2.8 
80·e 5.0 10. 4.5 0 
90·e 4.0 6 4.2 0 
100·e 0 0 0 0 
It may be noted in Table V that the avcrage number of rods In 
clumps "x series" at 60°C was 5.2, a drop from 18.3 for 50°C. In 
Table IV the total number of isolated rods at 60°C was 1099 which 
was an increase as compared to the same type organism recorded for 
50°C. It is prohable that the heating process killed and rendered 
invisible many of the rods in clumps causing the remainder to appear 
as isolated rods. This would decrease the total number of rods in 
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clumps and increase the number of isolated rods. The same explana­
tion would account for th~ decrease in long streptococci at 60°C. 
Throughout the direct microscopic examinations of the prepared 
films numerous shadow forms were observed. It was interesting to 
note that only rod shaped shadow forms were observed. There was 
no evidence of a coccus shape organism producing a shadow form. 
This may be due to confusion of coccus shadow forms with artifacts 
in the film. 
It was noted that the number of fields showing shadow forms 
increased with increased temperature. It was also noted that in 
tty series" the temperature at which all fields showed shadow forms 
was lower than in "x series." (See Table II.) 
There was no correlation between total numbers of all cells killed 
Or total number of rod forms killed by heating and the number of 
shadow forms present. Table VI shows the results of an attempt 
to correlate the number of shadow forms present with the total number 
of cells killed and also with the total number of rod forms killed. 
The number of rod forms killed by heating was determined by 
the dif ference between the total number of rod forms present in 
Sample No.1 and sample heated to temperature indicated. The same 
procedure was used in determining the total cells killed with the 
exception that the totals of all types of organisms were, used. The 
number of shadow forms was determined by actual count. Speci­
mens D and E are presented. 
TABLE VI 
Comparison of the number of shadow forms present and the number 
of rods and total cells killed. 
Specimen D 
"x series" 
Temp. 
50·C 
60·C 
70·C 
80·C 
90·C 
100·C 
50·C 
60·C 
70·C 
80·C 
9O·C 
100·C 
50·C 
60·C 
70·C 
80·C 
90·C 
100·C 
From 
tween thf 
or the t< 
Knaysi ( 
and Kuff 
Temp. 
Total No. 
of 
Cells Killed 
Total No. 
of 
Rods Killed 
Total No. Rod. 
of Unaccounted 
Shadow Forms For 
Total Cells 
Unaccounted 
For 
appears t 
lene blue 
50°C 370 306 97 209 273 It wa 
60°C 926 774 94 680 832 with incr 
70°C 1002 872 86 786 916 is increa 
80°C 
90°C 
100·C 
1077 
1094 
1124 
952 
968 
970 
91 
83 
76 
861 
885 
894 
986 
1011 
1048 
become j' 
no dear 
150 
151 
From the above data it is evident that there is no correlation be­
tween the number of shadow forms and the number of rods killed 
or the total number of cells killed. This is in agreement with 
Knaysi (4) and Ward (6) and in disagreement with Werner (7) 
and Kufferath, as reported by Hastings and Davenport (3). Heating 
appears to render the organisms invisible when stained with methy­
lene blue rather than causing most of them to show as shadow forms. 
It was noted that the average number of shadow forms decreased 
with increase in temperature. It is probable that the rate of autolysis 
is increased with increased temperature; thus the organism would 
become invisible more quickly as temperature increased. There were 
no clear areas noted in the films that would indicate dead cells. 
273 
832 
916 
986 
1011 
1048 
Tolal Cells 
Unaccounted 
For 
• 209 
680 
786 
861 
885 
894 
97 
94 
86 
91 
83 
76 
forms present and the number 
cells killed. 
TOlal No. Rods 
"'-_~ of UnaccOuuted ~ow Forms For 
isolated rods. The same explana- TABLE VI-(eontinued) 
in long streptoeocci at 60°C. 
"y series" 
ic examinations of the prepared 
re observed. It was interesting to Total No. Tolal1\o. Total No. Rods Total Celt. 
of o[ of Unaccounted Unaccounted 
forms were observed: There was Temp. Cells Kiped Rods Killed Shadow Forms For For 
ganism producing a shadow form. 50 0 e 1048 900 103 797 945 
cus shadow forms with artifacts 600 e 1150 936 141 795 1009 
70 0 e 1176 953 109 844 1067 
of fields showing shadow forms saoe 1212 974 87 887 1125 900 e 1221 974 59 915 1162ture. It was also noted that in lDOoe 1229 976 42 934 1187 
h all fields showed shadow forms 
ee Table II.) Specimen E 
en total numbers of all cells killed CfX series" 
ed by heating and the number of 500 e 191 111 109 2 82 
shows the results of an attempt 60 0 e 929 790 94 686 835 
onns present with the total number 70 0 e 1025 877 98 779 927 
tal number of rod forms killed. 80
0 e 1093 939 93 846 1000 
900 e 1128 956 82 874 1046 
. by heating was determined by loooe 1140 959 53 906 1087 
umber of rod forms present in 
"y series"temperature indicated. The same 
g the total cells killed with the 500 e 1041 908 97 811 944 
of organisms were used. The 60
0 e 1143 926 169 757 974 
nnined by aetual co~nt. Speci­ 70
0 e 1174 940 144 795 1030 
800 e 1216 965 125 842 1083 
90·e 1227 968 103 865 1124 
loo·e 1229 968 57 911 1162 
CONCLUSIONS 
1. The number of visible organisms in milk decreases as temper­
ature increases. 
2. Heating followed by storage at SoC for twenty-four hours 
further decreases the total number of visible 'organisms in milk. 
3. Autolysis of dead cells increases with increase in time and 
temperature. 
4. Shadow forms are present in milk that has undergone heating 
for thirty minutes at SO°C or higher. 
S. The number of shadow forms in milk, heated from SO°C to 
100°C for thirty minutes, decreases as the temperature increases. 
6. There is no correlation between the number of shadow forms 
present and the number of bacterial cells killed. 
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